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SOLAR PANEL AND CAR ROOF

CROSS-REFERENCE TO RELATED
APPLICATION

Pursuant to 35 U.S.C. § 119(a), this application claims the

benelit of earlier filing date and right of priority to Korean
Application No. 10-2016-0104394, filed 1n the Republic of

Korea on Aug. 17, 2016, the contents of which 1s incorpo-
rated by reference herein in 1ts entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present disclosure relates to a solar panel applicable
to a car roof and a car roof employing the solar panel.

Background of the Invention

A solar cell 1s configured to convert light energy into
clectric energy. In general, a solar cell includes a P type
semiconductor and an N type semiconductor, and when the
solar cell receives light, electric charges migrate to cause a
potential difference.

When a solar cell 1s applied to a car roof or an interior/
exterior material of a building, the solar cell may produce
clectric energy using indoor light supplied from a fluores-
cent lamp or a light emitting diode (LED) or natural light
supplied from the sun. In particular, when a solar cell 1s
applied to a car, electric power required for the car may be
produced without consuming fuel.

In the related art, 1n order to apply a solar cell to a car roof,
a method for prefabricating a solar panel including solar
cells and fixing the solar panel to a car using a mechanical
fixing structure 1s used. Such a related art method, however,
has limitations 1n that a defect may occur during a process
of fixing the solar panel and waterproofing 1s not perfect, as
well as a limitation that a separate mechanical fixing struc-
ture 1s additionally required to fix the solar panel to a car.

SUMMARY OF THE INVENTION

Therefore, an aspect of the detailed description 1s to
provide a solar panel having a structure not requiring a
separate mechanical fixing structure for fixing the solar
panel to a car (or vehicle), and a car roof employing the solar
panel.

Another aspect of the detailed description 1s to provide a
solar panel having a structure capable of reducing a defect
possibility during a process of fixing the solar panel to a car,
and a car roof employing the solar panel.

Another aspect of the detailed description 1s to provide a
solar panel having a structure capable of securing reliability
in the long term by alleviating an impact due to vibrations
transmitted from a car, and a car roof employing the solar
panel.

Another aspect of the detailed description 1s to provide a
solar panel having a structure capable of solving a water-
proofing problem and a car roof employing the solar panel.

To achieve these and other advantages and 1n accordance
with the purpose of this specification, as embodied and
broadly described herein, a solar panel includes a first
substrate positioned on a first surface of a solar cell and a
second substrate positioned on a second surface of the solar
cell, and the second substrate 1s formed of a steel plate or
fiber reinforced plastic. The second substrate can be used as
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a rool panel of a car. A first encapsulant can be disposed
between the first substrate and the solar cell and a second
encapsulant can be disposed between the second substrate
and the solar cell.

The first substrate can form an appearance of the car and
can be formed of at least one of glass, polycarbonate (PC),
and a transparent sheet.

The second substrate can include a first part and a second
part, and the second part 1s lower than the first part and 1s
connected to the first part. The second encapsulant, the solar
cell, the first encapsulant, and the first substrate are sequen-
tially stacked on the second part to form a multilayer
structure, and an upper surface of the first substrate can have
the same height as that of the first part.

The first substrate can have the same area as that of the
second part, and at least one of the first encapsulant and the
second encapsulant can be adhered to the entire adhering
surface of the first substrate or the entire adhering surface of
the second substrate to have the same area as that of the
second part to thus prevent water leak.

To achieve these and other advantages and in accordance
with the purpose of this specification, as embodied and
broadly described herein, a car roof 1s provided. The car roof
includes a substrate positioned on a first surface of a solar
cell and a roof panel positioned on a second surface of the
solar cell. The roof panel can be formed of a steel plate or
fiber reinforced plastic. A first encapsulant can be disposed
between the substrate and the solar cell and a second
encapsulant can be disposed between the roof panel and the
solar cell.

The substrate of the car roof can correspond to a first
substrate of a solar panel, and a roof panel of the car roof can
correspond to a second substrate of the solar panel. Thus, the
substrate can be formed of at least one of glass, polycar-
bonate (PC), and a transparent sheet.

A hole can be formed 1n at least a portion of the roof panel,
the car roof can include a bus ribbon electrically connected
to a solar cell, and the bus ribbon can be connected to an
clectrical connection part of a car through the hole. Thus,
clectric power produced by the solar cell can be transmuitted
to the car.

The roof panel can include a first part forming an appear-
ance of the car and a second part having a height lower than
the first part and connected to the first part. The second
encapsulant, the solar cell, the first encapsulant, and the
substrate are sequentially stacked on the second part to form
a multilayer structure, and an upper surface of the substrate
can have the same height as that of the first part.

The substrate can have the same area as that of the second
part, and at least one of the first encapsulant and the second
encapsulant can be adhered to the entire adhering surface of
the substrate or the entire adhering surface of the roof panel
to have the same area as that of the second part.

The roof panel can have a curved surface, and the second
encapsulant, the solar cell, the first encapsulant, and the
substrate can be sequentially stacked on the second part to
form a multilayer structure, having a curved surface corre-
sponding to the roof panel.

Further scope of applicability of the present application
will become more apparent from the detailed description

given heremaiter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
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within the scope of the mvention will become apparent to
those skilled 1n the art from the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this specification, 1llustrate
exemplary embodiments and together with the description
serve to explain the principles of the mvention.

In the drawings:

FIG. 1 1s a partial perspective view 1illustrating a car roof
of the present disclosure according to an embodiment;

FI1G. 2 1s a conceptual view illustrating a solar panel of the
present disclosure according to an embodiment;

FIG. 3 1s a cross-sectional view illustrating a car roof of
the present disclosure according to an embodiment;

FI1G. 4 1s view 1illustrating a modification of the car roof
of FIG. 3 according to an embodiment;

FIG. 5 1s a cross-sectional view illustrating another
embodiment of a car roof;

FIG. 6 1s a cross-sectional view illustrating another
embodiment of a car roof; and

FIG. 7 1s a cross-sectional view illustrating another
embodiment of a car roof.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Description will now be given 1n detail of the exemplary
embodiments, with reference to the accompanying draw-
ings. For the sake of brief description with reference to the
drawings, the same or equivalent components will be pro-
vided with the same reference numbers, and description
thereol will not be repeated.

FIG. 1 1s a partial perspective view 1llustrating a car roof
100 of the present disclosure.

A car body of a car 10 1s formed by a chassis 11, and a
hole 1n which a car roof 100 can be installed 1s formed in the
chassis 11. The car roof 100 1s 1installed 1n the hole and forms
an appearance, 1n particular, the roof, of the car 10. The car
rool 100 of the present disclosure includes a solar cell 110
and 1s configured to produce electric power using natural
light supplied from the sun.

A solar panel 200" and a car roof 300 described hereinatter
are substantially the same and are not different objects. That
1s, a product before being applied to the car 10 may be
termed the solar panel 200" and a product applied to the car
10 may be termed the car root 300.

FIG. 2 1s a conceptual view illustrating the solar panel
200"

The solar panel 200' includes at least one solar cell 210,
a first substrate 220, a first encapsulant 241, a second
substrate 230, and a second encapsulant 242. The solar panel
200' can have a structure 1in which the second substrate 230,
a solar cell 210, and the first substrate 220 are sequentially
stacked from below, and the first encapsulant 241 and the
second encapsulant 242 are components for protecting and
adhering the solar cell 210.

The solar panel 200' can have at least one solar cell 210.
For example, One or a plurality of solar cells 210 can be
provided depending on a design of the solar panel 200'.
When a plurality of solar cells 210 are provided, each of the
solar cells 210 can be disposed to be spaced apart from each
other and can be connected to each other 1n series to form a
string.
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Each solar cell 210 has a first surface 211 and a second
surface 212 facing in mutually opposite directions. Light can
be received (or collected) through any one of the first surface
211 and the second surface 212 or through both of them.
Here, the ordinal numbers such as first and second merely
discriminate between elements without any particular tech-
nical meaning.

The first substrate 220 1s positioned on the first surface
211 of the solar cell 210. When the solar panel 200" 1s
applied to a car, the first substrate 220 forms an appearance
of the car and 1s visually exposed to the outside of the car.
The first substrate 220 forms an outermost layer of the solar
panel 200" and 1s configured to protect the solar cell 210.

The first substrate 220 can be formed of a transparent
material which does not block light incident to the solar cell
210. For example, the first substrate 220 can be formed of at
least one of glass, polycarbonate, and a transparent sheet.

The second substrate 230 1s positioned on the second
surface of the solar cell 210. When the solar panel 200' 1s
applied to a car, the second substrate 230 corresponds to a
roof panel of the car. The roof panel 1s disposed on the roof
of the car and forms a portion of the chassis. Since the
second substrate 230 forms a portion of the chassis, the
second substrate 230 can be formed of the same matenal as
that of the chassis. For example, the second substrate 230
can be formed of a steel plate or fiber reinforced plastic. As
the steel plate, an electrolytic galvanmized 1ron (EGI) plated
with zinc can be used to secure high tension. However, a
material of the second substrate 230 1s not limited thereto
and any material used in a chassis of a car can be applied.

In order to prevent the inside of the car or the interior
material of the car from being exposed visually, the second
substrate 230 can be formed of an opaque material. How-
ever, the second substrate 230 can not necessarily be formed
ol an opaque material. If both the interior material of the car
and the second substrate 230 are formed of a transparent
material, the inside of the car can be disadvantageously
visually exposed to the outside through the solar panel 200",
but mndoor light of the car can be supplied to the solar cell
210 and used to produce electric power. Here, light 1s
received through both sides of the solar cell 210.

The first encapsulant 241 1s disposed between the first
surface 211 of the solar cell 210 and the first substrate 220
in order to adhere the first substrate 220 and the solar cell
210. The second encapsulant 242 1s disposed between the
second surface 212 of the solar cell 210 and the second
substrate 230 to adhere the second substrate 230 and the
solar cell 210.

The first encapsulant 241 and the second encapsulant 242
are formed of a material which can be melted and cured
during a process of applying heat and pressure to adhere the
first substrate 220 and the second substrate 230 to the solar
cell 210. For example, the first encapsulant 241 and the
second encapsulant 242 can be formed of at least one of
cthylene vinyl acetate (EVA), polyolefine (PO), and poly-
vinyl butyral (PVB).

FIG. 3 1s a cross-sectional view illustrating a car root 300
of the present disclosure.

The car roof 300 1s a concept of applying the solar panel
200" described above to a car. Thus, the same descriptions of
the solar panel 200' can also be applied to the car roof 300
in the same manner.

The car root 300 includes at least one solar cell 310, a
substrate 320, a first encapsulant 341, a roof panel 330, and
a second encapsulant 342. The car roof 300 has a structure
in which the roof panel 330, the solar cell 310, and the
substrate 320 are sequentially stacked from below, and the
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first encapsulant 341 and the second encapsulant 342 are
components for protecting and adhering the solar cell 310.
The substrate 320 corresponds to the first substrate 220
described above with reference to FIG. 2, and the roof panel
330 corresponds to the second substrate 230.

Here, only components not described 1n the solar panel
300 will be described and redundant descriptions will be
omitted.

The roof panel 330 can include a first part 331 and a
second part 332. The first part 331 forms an appearance of
a car and 1s visually exposed to the outside of the car. The
second part 332 1s lower than the first part 331 and 1s
connected to the first part 331. The second encapsulant 342,
the solar cell 310, the first encapsulant 341, and the substrate
320 are sequentially stacked on the second part 332. An
upper surface of the substrate 320 has the same height as that
of the first part 331. Since there 1s no difference in height
between the upper surface of the substrate 320 and the first
part 331, although the car roof 300 including the solar cell
310 1s applied to the car, an aesthetic feeling of the car 1n
design may not be damaged or adversely impacted.

In order to form a uniform appearance of the car and
prevent water leak, the substrate 320 can have the same area
as that of the second part 332. Also, at least one of the first
encapsulant 341 and the second encapsulant 342 can be
adhered to an entire adhering surface of the substrate 320 or
an entire adhering surface of the roof panel 330 such that the
at least one of the first encapsulant 341 and the second
encapsulant 342 can have the same area as that of the second
part 332. The adhering surface of the substrate 320 can refer
to a surface of the substrate 320 facing the solar cell 310, and
the adhering surface of the roof panel 330 refers to a surface
of the roof panel 330 facing the solar cell 310.

The configuration 1n which the encapsulants 341 and 342
are adhered to the entire adhering surface of the substrate
320 and adhered to the entire adhering surface of the roof
panel 330 should be technically distinguished from a con-
figuration 1 which the encapsulants 341 and 342 are
adhered to only a portion of the substrate 320 or only a
portion of the roof panel 330.

If the encapsulants 341 and 342 are adhered only to a
portion of the substrate 320 or the roof panel 330, there may
be a gap between the substrate 320 and the solar cell 310 or
between the root panel 330 and the solar cell 310 and water
leak may occur through the gap. Here, water leak refers to
an introduction of water to the inside of the car. However,
when the encapsulants 341 and 342 are adhered to the entire
adhering surface of the substrate 320 and the entire adhering
surface of the roof panel 330, a gap of the car roof 300 can
be eliminated and the problem of water leak can be solved.

The car roof 300 1s an exterior material of the car, and
thus, 1t 1s visually exposed to the outside of the car. Thus, in
order to use electric power produced by the solar cell 310 1n
the car, an electric connection part 350 of the car and the
solar cell 310 are required to be electrically connected. The
clectric connection part 350 of the car refers to a component
clectrically connected to a junction box of the car through an
clectric wiring.

The electric connection part 350 1s positioned on a portion
of the car roof, rather than a rear side of the car roof 300. The
clectric connection part 350 1s preferably disposed between
the exterior material and mterior material of the car such that
it 1s not visually exposed to the outside.

The car roof 300 has a bus ribbon 360 electrically
connected to the solar cell 310. The bus ribbon 360 refers to
a component electrically connecting the solar cell 310 and
an external device to supply electric power produced by the
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solar cell 310. A hole 1s formed 1n at least a portion of the
rool panel 330. The hole can be formed by partially cut out
the roof panel 330. The bus ribbon 360 1s disposed to pass
through the hole of the roof panel 330 and eclectrically
connected to the electric connection part 350 of the car.
Through this structure, the bus ribbon 360 can transmit
clectric power to the car through the electric connection part
350, without being exposed to the mside of the car.

The roof panel 330 can be configured to have a curved
surface according to a design of the car. When the roof panel
330 has a curved surface, since the second encapsulant 342,
the solar cell 310, the first encapsulant 341, and the substrate
320 are also sequentially stacked on the second part 332,
forming a multilayer structure which can also be curved to
correspond to the roof panel 330.

The multilayer structure can be first formed, mtroduced to
a furnace, and undergo through a process (lamination pro-
cess) of applying heat and pressure to form the car roof 300,
and thus, the roof panel 330 does not necessarily have a flat
surtace.

The car roof 300 can also be manufactured through an
autoclave process. The autoclave process refers to a process
of introducing the multilayer structure to an autoclave
device and applying heat and pressure thereto to adhere the
solar panel to the roof panel.

Descriptions of the car roof 300 can also be applied to the
solar panel 200" described above 1n the same manner. For
example, the configuration in which the second substrate
230 has the first part 231 (please refer to FIG. 2) and the
second part 232 (please refer to FIG. 2), the configuration 1n
which the upper surface of the first substrate 220 has the
same height as that of the first part 231 of the second
substrate 230, the configuration in which the hole 1s formed
on the second substrate 230 and the button ribbon passes
through the hole, the configuration in which the first encap-
sulant 241 and the second encapsulant 242 are adhered to the
entire adhering surface of the first substrate 220 or the
second substrate 230, and the like, can also be applied to the
solar panel 200' 1n the same manner.

When a solar module having the structure 1n which glass
1s adhered to both sides of the solar cell 310 1s prefabricated
and the solar module 1s 1nstalled 1n the car roof, a separate
mechanical fixing structure 1s required and a defect may
occur during a mounting structure and water leak may occur.
However, when the roof panel 330 1s applied to the second
substrate 230, a separate mechanical fixing structure 1s not
required. This 1s because the second substrate 230 1s the roof
panel 330 of the car.

Also, since the car roof of the present disclosure includes
the roof panel of the car, strength of the roof panel may be
used as 1s. Thus, damage to the car roof during a process of
mounting the car roof on the car can be eflectively pre-
vented.

In FIG. 3, reference numeral 311 denotes a first surface of
the solar cell 310 and 312 denotes a second surface of the
solar cell 310.

Hereinatter, another embodiment of the solar panel or car

root will be described.

FIG. 4 1s a modification of the car roof 300 illustrated in
FIG. 3.

The car roof 300 is not required to be necessarily formed
to have a flat surface and can have a curved surface
depending on a design of the car. For example, the first part
331 and the second part 332 of the roof panel 330 can be
formed to have a curved surface and the substrate 320
forming an appearance of the car roof can also be formed to
have a curved surface.
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Thus, the solar cell 310, the first encapsulant 341, and the
second encapsulant 342 between the roof panel 330 and the
substrate 310 can be disposed along the curved surface.
Also, the car roof 300 as a complete product can form an
appearance ol a curved surface of the car.

In FIG. 4, reference numerals not described above can be
referred to the descriptions of FIG. 3.

FIG. 5 1s a cross-sectional view of another embodiment of
a car rooi 400.

A solar panel 400" 1s first manufactured and secondly
mounted on a second part 432 of a roof panel 430 to form
the car roof 400.

The first manufactured solar panel 400" includes a solar
cell 410, a substrate 420, a first encapsulant 441, and a
second encapsulant 442, and can further include a back sheet
4'70. The back sheet 470 1s positioned on a second surface of
the solar cell 410, and the second encapsulant 442 1s
disposed between the second surface of the solar cell 410
and the back sheet 470.

However, the back sheet 470 1s optional and may be
omitted. For example, the first manufactured solar panel 400
can have a structure in which the second encapsulant 442,
the solar cell 410, the first encapsulant 441, and the substrate
420 are sequentially stacked.

Also, glass, instead of the back sheet 470, can also be
included 1n the solar panel 400'. Here, the first manufactured
solar panel 400' can have a structure in which glass, the
second encapsulant 442, the solar cell 410, the first encap-
sulant 441, and the substrate 420 are sequentially stacked.

The first manufactured solar panel 400' can be mounted
on the roof panel 430 including a first part 431 and a second
part 432. A third encapsulant 443 can be additionally dis-
posed between the back sheet 470 and the second part 432
of the roof panel 430. If the solar panel 400" does not include
the back sheet 470, the second encapsulant 443 can be
turther provided to adhere the solar panel 400' to the roof
panel 430. Here, two layers of second encapsulant 442 are
disposed between the solar cell 410 and the second part 432
of the roof panel 430.

In cases where the car roof 400 1includes an opaque back

sheet 470, a bus ribbon 460 1s covered by the back sheet 470

and 1s not visually exposed. Thus, when the car roof 400
includes the opaque back sheet 470, there 1s no limitation 1n
a position of a hole for connection of the bus ribbon 460.

FIG. 6 1s a cross-sectional view of another embodiment of
a car rool 500.

A solar panel 500" 1s first manufactured and secondly
mounted on a second part 332 of a roof panel 530 to form
the car roof 500. Reference numeral 331 denotes a first part.

The first manufactured solar panel 500" includes a solar
cell 510, a first encapsulant 541a, and a second encapsulant
542a. The first manufactured solar panel 500" has a structure
in which the second encapsulant 3424, the solar cell 510, and
the first encapsulant 541a are stacked.

In cases where the solar panel 500' 1s intended to be
secondly mounted on the roof panel 530, a layer of first
encapsulant 54156 1s further added on the first encapsulant
541a, and a substrate 520 1s disposed thereon. Also, a layer
of second encapsulant 5215 1s further added under the
second encapsulant 542a and adhered to the second part 532
of the roof panel 530.

The car roof 500 includes two layers of first encapsulants
541a and 5415 and two layers of second encapsulants 542qa
and 5425. Thus, the car roof 500 has a structure 1n which the
roof panel 330, the two layers of second encapsulants 5424
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and 5425, the solar cell 510, the two layers of first encap-
sulants 541aq and 5415, and the substrate 520 are sequen-
tially stacked.

In FIG. 6, reference numeral 50 denotes an electrical
connection part and 460 denotes a button ribbon.

FIG. 7 1s a cross-sectional view of another embodiment of
a car roof 600. A solar panel 600' 1s first manufactured and
secondly mounted on a second part 632 of a roof panel 630
to form the car roof 600. Reference numeral 631 denotes a
first part.

The first manufactured solar panel 600' includes a solar
cell 610, a film 680, a first encapsulant 641, a second
encapsulant 642, and a back sheet 670. The first manufac-
tured solar panel 600' includes the back sheet 670, the
second encapsulant 642, the solar cell 610, the first encap-
sulant 641, and the film 680 {from below.

In cases where the solar panel 600' 1s secondly mounted
on the roof panel 630, a fourth encapsulant 644 1s further
added to the film 680 and a substrate 620 1s disposed
thereon. Also, a third encapsulant 643 can be further added
under the back sheet 670 and the solar cell 1s adhered to the
second part 632 of the roof panel 630. In order to adhere the
substrate 620, a lamination process or an autoclave process
can be used.

The car roof 600 has a structure in which the roof panel
630, the third encapsulant 643, the back sheet 670, the
second encapsulant 642, the solar cell 610, the first encap-
sulant 641, the film 680, the fourth encapsulant 644, and the
substrate 620 are stacked from below.

The solar panel and the car roof described above 1s not
limited to the configuration and method of the embodiments
of the present disclosure described above and the entirety or
a portion of the embodiments can be selectively combined to
form various modifications.

According to the present disclosure described above,
since the second substrate of the solar panel corresponds to
a roof panel of the car and the car roof includes the roof
panel, a separate {ixing structure for mechanically fixing the
roof panel to the car 1s not required. That 1s, the solar panel
or the car roof can be 1nstalled in the car using the related art
configuration in which the roof panel 1s coupled to a chassis
as 1s.

Also, 1n the present disclosure, since the second substrate
of the solar panel corresponds to the roof panel of the car and
the car roof 1ncludes the roof panel, a possibility of a defect
which may occur during a process of fixing the solar panel
or the car roof to the car can be reduced. This 1s because
there 1s no separate mechanical structure.

Also, 1in the present disclosure, since the solar cell 1s
directly adhered to the roof panel of the car, the solar cell 1s
not relatively moved with respect to the car. That 1s, the solar
cell 1s not secondly impacted by an impact applied to the car.
Thus, the structure of the present disclosure alleviates an
impact due to vibrations applied to the solar cell to secure
reliability for a long term.

Also, 1n the present disclosure, since the encapsulant 1s
adhered to the entire adhering surface of the roof panel,
water leak can be solved.

Also, 1n the present disclosure, since the roof panel of the
car protects the solar cell, the solar cell can be stably
protected using strength of the roof panel before the solar
panel or the car roof 1s installed on the car.

The foregoing embodiments and advantages are merely
exemplary and are not to be considered as limiting the
present disclosure. The present teachings can be readily
applied to other types of apparatuses. This description 1s
intended to be illustrative, and not to limit the scope of the
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claims. Many alternatives, modifications, and variations will
be apparent to those skilled i1n the art. The features, struc-
tures, methods, and other characteristics of the exemplary
embodiments described herein may be combined 1n various
ways to obtain additional and/or alternative exemplary
embodiments.

As the present features can be embodied 1n several forms
without departing from the characteristics thereot, i1t should
also be understood that the above-described embodiments
are not limited by any of the details of the foregoing
description, unless otherwise specified, but rather should be
considered broadly within 1ts scope as defined 1n the
appended claims, and therefore all changes and modifica-
tions that fall within the metes and bounds of the claims, or
equivalents of such metes and bounds are therefore intended
to be embraced by the appended claims.

What 1s claimed 1s:
1. A car roof comprising;:
at least one solar cell having a first surface and a second
surface facing 1n mutually opposing directions;
a substrate disposed on the first surface of the at least one
solar cell the substrate including a first lateral side and
a second lateral side, the first and second lateral sides
being opposed from each other;
a first encapsulant disposed between the substrate and the
at least one solar cell;
a rool panel disposed on the second surface and forming
a roof of a car; and
a second encapsulant disposed between the roof panel and
the at least one solar cell,
wherein the rool panel includes a steel plate or fiber
reinforced plastic,
wherein the roof panel includes:
two first parts respectively positioned at the first and
second lateral sides of the substrate, the two first
parts each being formed of a first surface having a
first height and forming an appearance of the car;
a second part formed of a second surface having a
second height lower than the first height of the two
first parts;
two third parts, wherein a first one of the two third parts
1s connected to a first one of the two first parts and
the second part at the first lateral side of the sub-
strate, and a second one of the two third parts is
connected to a second of the two first parts and the
second part at the second lateral side of the substrate;
and
wherein the second part extends continuously between the
first one of the two third parts and the second one of the
two third parts;
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wherein the first one of the two third parts faces one side
of the at least one solar cell and the second one of the
two third parts faces another side of the at least one
solar cell,

wherein the second encapsulant, the at least one solar cell,
the first encapsulant, and the substrate are sequentially
stacked on the second part and form a multilayer
structure,

wherein the first encapsulant 1s adhered to an enfire
adhering surface of the substrate so that no gap 1s
formed between the substrate and the at least one solar
cell,

wherein the second encapsulant 1s adhered to an entire
adhering surface of the roof panel, so that no gap is
formed between the roof panel and the at least one solar
cell, and

wherein at least a portion of the roof panel includes a hole,
the car roof includes a bus ribbon electrically connected

to the at least one solar cell, and the bus ribbon extends
through the hole.

2. The car roof of claim 1, wherein the bus ribbon 1s
clectrically connected to an electrical connection part.

3. The car roof of claim 1, wherein the substrate includes
at least one of glass, polycarbonate (PC), and a transparent
sheet.

4. The car roof of claim 1, wherein the roof panel has a
curved surface, and

wherein the second encapsulant, the at least one solar cell,

the first encapsulant, and the substrate are sequentially
stacked on the second part, form the multilayer struc-
ture and each have a curved surface corresponding to
the roof panel.

5. The car roof of claim 1, wherein the first encapsulant
includes two layers and the second encapsulant includes two
layers.

6. The car roof of claim 1, wherein the first encapsulant
directly contacts the third part of the roof panel, the substrate
and the at least one solar cell, and

wherein the second encapsulant directly contacts the

second part of the roof panel, the third part of the roof
panel and the at least one solar cell.

7. The car roof of claim 1, further comprising;:

a back sheet disposed between the second encapsulant and

the roof panel; and

a third encapsulant disposed between the back sheet and

the roof panel.

8. The car roof of claim 7, further comprising:

a film disposed between the substrate and the first encap-

sulant; and

a fourth encapsulant disposed between the substrate and

the film.
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